Two experiments were conducted to determine whether exposure to a photoperiod of artificial long days in autumn increased milk yield in subtropical goats milked once (Exp. I) or twice daily (Exp. II). In Exp. I, starting at d 10 of lactation, 1 group of does was kept under naturally decreasing photoperiod (DD1X; n = 8), whereas the other group was submitted to an artificial photoperiod of long days (LD1X; n = 8; 16 h light:8 h darkness). The kids were weaned 28 d after parturition, and dams were manually milked once daily. Milk yield and milk components (fat, protein, and lactose) were assessed up to 140 d of lactation. From d 0 to 28 of lactation (suckling phase), mean daily milk yield did not differ between DD1X and LD1X goats (2.3 ± 0.2 kg vs. 2.4 ± 0.2 kg; P = 0.717). However, between d 29 and 84 (early milking phase), mean daily milk yield was greater in LD1X does than in DD1X does (2.6 ± 0.1 kg vs. 2.1 ± 0.1 kg; P = 0.001). Finally, between d 85 and 140 (late milking phase), mean daily milk yield was greater in LD1X goats than in DD1X goats (P ≤ 0.05) only during the first 2 wk. In Exp.
INTRODUCTION
In ruminants, season of parturition influences milk production (Linzell, 1973) . Milk yield is greater during the long days of summer than during the short days of autumn and winter. In addition, females exposed to artificial long days in winter produce more milk than females exposed to natural short days. This has been shown in cows exposed to artificial long days at the latitude of 39°N, where they produced 2 kg more milk/cow daily than cows exposed to natural short days (Dahl, 2008) . In a study in France at latitude of about 48°N, milk yield was increased by 33% by exposing does to artificial long days, even though milk contents of fat and N were reduced (Delouis and Mirman, 1984) .
These increases in milk yield by long days were obtained under temperate latitudes, where animals experience large natural variations of day length during the year. This may apply also in the subtropics, despite the smaller seasonal variations of photoperiod. Thus, at a latitude of 30°N, Garcia-Hernandez et al. (2007) reported an increase in milk yield by exposing goats milked twice daily to long days. However, this finding remains to be confirmed closer to the tropics. Also, the effect may vary depending on the different type of management between temperate and subtropical regions. Thus, in northern Mexico (26°N), most does give birth between November and February and are milked only once daily, after weaning of the kids at 30 d (Hoyos, 1988) . If the increase in milk yield by long days applies also under such subtropical latitudes and management, it would represent a substantial gain of productivity for goat breeders. Therefore, we investigated if exposure to an artificial long-day photoperiod could increase milk production of goats giving birth in late autumn at a latitude of 26°N. Two separate experiments were conducted to assess the efficacy of the treatment in goats milked once or twice daily, to verify that milk yield could be increased independent of milking frequency.
MATERIALS AND METHODS
The procedures used in the experiments reported here were in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
General Conditions of Study
Location. The studies were conducted on a commercial farm in the Laguna region, state of Coahuila, Mexico (latitude, 26°23′ N; longitude, 104°47′ W). In this region, variations of photoperiod range from 10 h, 19 min of light at the winter solstice to 13 h, 41 min at the summer solstice. During the experiments, the mean time for sunrise was 0724 h and the mean time for sunset was 1845 h, resulting in an average duration of the day of 11 h, 21 min (Figure 1 ).
Animals and Maintenance Conditions. Thirty-one multiparous mixed-breed Creole goats selected from a commercial flock of 100 animals maintained permanently in pens under intensive conditions. The phenotypic characteristics of these animals have been previously reported by Delgadillo et al. (1999) . Goats were mated in June, using a male effect with sexually active males (Flores et al., 2000; Delgadillo et al., 2009) . The mean date of parturition (±SEM) for all goats was November 6 ± 1.0 d, and the number of kids per doe averaged 1.8 ± 0.1. Goats were fed 4.0 kg on humidity base of sorghum silage/goat daily (2.17 Mcal of ME/kg of DM; 9.4% CP) and 1.0 kg/goat of a commercial concentrate containing 14% CP. Goats had free access to water and mineral salts, which were provided in 25-kg blocks (Cebú, Salinas del Rey, Torreón, Méxi- co) containing at least 17% P, 3% Mg, 5% Ca, and 75% NaCl, as recommended by NRC (2007) .
After parturition, all goats and their kids remained together during the first 10 d postpartum and were kept under naturally decreasing photoperiod. On d 10, females were allocated to their respective experiment and group, balanced for initial milk yield, body condition, and litter size. At d 28 postpartum, kids were weaned and dams were manually milked up to d 140 of lactation.
Experimental Design and Groups
Exp. I. The main objective was to investigate if exposure to artificial long days at a latitude of 26°N would increase milk yield in goats kidding under decreasing day conditions (late autumn) and milked once daily after weaning. The first treatment served as control and was continuously exposed to the naturally decreasing photoperiod [decreasing days, 1 milking daily (DD1X), n = 8; Figure 1 ]. At d 28 postpartum, kids were weaned and dams were manually milked once daily at 0700 h up to d 140 of lactation. The second group of goats [long days, 1 milking daily (LD1X), n = 8] was managed in the same way as the control group, except that the females of this group were submitted to an artificial long-day photoperiod of 16 h of light and 8 h of darkness, starting at d 10 of lactation and up to the end of the study.
Exp. II. The study of Garcia-Hernandez et al. (2007) , which investigated the effect of long days on milk production of goats, was performed in Texas at a latitude of 30°N and used goats that were milked twice daily from the beginning of lactation. Considering this, a second experiment was conducted parallel to Exp. I. Specifically, goats were also milked twice daily to verify if the results obtained by these authors would apply closer to the tropics. To this end, 1 control group of goats milked at 0700 and 1900 h was exposed continuously to the naturally decreasing photoperiod [decreasing days, 2 milkings daily (DD2X) n = 8; Figure 1 ], whereas a second group, also milked twice daily, was exposed to artificial long days as in Exp. I [long days, 2 milkings daily (LD2X), n = 7].
Photoperiodic Treatment. In both experiments, control goats and those exposed to artificial long days were kept in outside pens (12 × 6 m, 1 pen/group), which were 75 m apart and each provided with an open shed. To provide the photoperiod of long days to the light-treated groups, pens were equipped with daylighttype lamps that emitted a minimum luminous intensity of 400 lx at the eye level of the goats. Lights were on from 0600 to 0900 h and from 1700 to 2200 h to extend the duration of the natural day and obtain a total of 16 h light/d. In addition to a distance of 75 m separating the control and light-treated pens, a curtain made of opaque material was placed around the light-treated pens to avoid any perception of light at night by the control females from the short-day groups.
Measurements
Milk yield, milk components, BW, and BCS were taken throughout the study during 3 successive phases of lactation (suckling, early milking, and late milking). The suckling phase consisted of the period during which the dams nursed their kids, from the day of parturition (d 0) to d 28 of lactation. The early milking phase consisted of the first part of lactation after the kids were weaned, from d 29 to 84 of lactation, and the late phase consisted of the later period of milking, from d 84 to 140 of lactation.
Milk Yield. During the suckling phase, goats were not milked and milk yield was assessed using the method of weigh-suckle-weigh over a 24-h period (Ricordeau et al., 1960) . The day before initiating the measurements, does were hand-milked at 1800 h. The next day, 2 controlled sucklings of 4 min each were performed, at 0700 and 1900 h. Furthermore, after each suckling, exogenous oxytocin (OT, 2 IU; Oxilac, Proquivet, Guadalajara, México) was injected into a jugular vein, followed by hand-milking to extract residual milk. The weight of the residual milk was added to the corresponding difference in the BW measurements of the kid. For this phase, the procedure was the same in Exp. I and II.
During the early and late milking phases, all goats were milked by the same person throughout the experiment. During each phase (d 29 to 84 and d 85 to 140, respectively), milk yield was measured every 7 d. In Exp. I, does were milked at 0700 h, the day before initiating each measurement. The next day, goats were hand-milked at 0700 h and the collected milk was weighed. Then, OT (2 IU) was injected into a jugular vein of each female and the residual milk was extracted by hand-milking. This residual milk was weighed and added to the quantity obtained from hand-milking.
In Exp. II, milk yield in a 24-h period was measured every 7 d as in Exp. I. Females were milked twice daily, a first emptying of the udder was performed at 1900 h the day before starting each measurement, followed by 2 hand-milkings at 12-h intervals (at 0700 and 1900 h) the next day. After each hand-milking, OT (2 IU) was injected into a jugular vein of each female to extract residual milk. This milk was weighed and added to the amount previously obtained from hand-milking.
In addition, in both experiments, the difference of milk collected between goats exposed to naturally decreasing days and goats exposed to the artificial longday photoperiod was estimated by computing the difference of average daily milk yield per goat between the 2 groups for each week, multiplied by 7, and all were added to obtain the total difference of milk yield between the 2 groups for the entire period of milking. The general formula to compute this difference can be summarized as follows: difference in MY = ∑ wk 5 to 20 (MYLD − MYDD × 7), Flores et al. where MY = milk yield, LD = long-day group, and DD = decreasing-day group.
Milk Composition. In all goats and in each phase, a sample of milk was collected weekly at the time of milk yield determination (20 mL from each udder half) in plastic sterile tubes. Samples were kept on ice and transported to the laboratory for the determination of fat, protein, and lactose using a Milkoscan 6000 (Foss Electric, Hillerød, Denmark). BW and BCS. Body weight and BCS of all females were determined every 2 wk up to the end of the experiment. Females were weighed on a mobile scale with a 200-kg capacity and a precision of 0.05 kg. The BCS was determined by palpating spinous and lateral processes, as well as the musculature, of the lumbar region of the spine, according to the method described previously by Walkden-Brown et al. (1997) and using a scale ranging from 1 (very lean) to 4 (fat) with a precision of 0.5.
Statistical Analyses
In both experiments, milk yield and its components (fat, protein, and lactose) were analyzed during each phase of lactation using the MIXED MODELS procedure of SYSTAT 13 (Chicago, IL). The procedure included the fixed effects of photoperiodic treatment (2 levels: natural and artificial, the error term being goat within treatment), week of lactation (the residual error being the error term), their interaction, and the random effects of goat and residual. The individual goat was the experimental unit. All dependent variables were included as repeated measures. Separate individual independent t-tests were also performed to compare weekly milk yield. Changes in BW were analyzed using the GLM procedure of SYSTAT with treatment in the model statement. Because of the ordinal nature of the data for BCS, this variable was analyzed for week effect within each group by the Friedman test and by the Mann-Whitney test for comparison between the 2 groups at a given time. Data were presented as means ± SEM, and the results were considered significant when P ≤ 0.05.
RESULTS

Exp. I
Milk Yield. During the suckling phase, mean daily milk yield did not differ between DD1X and LD1X goats (P = 0.717; Figure 2 ). On the other hand, in both groups there was an increase of the milk yield resulting in an effect of week (P = 0.006). No interaction was detected (P = 0.143) between photoperiod and week for milk yield. During the early milking phase, no effect of photoperiod was observed (P = 0.135). Nonetheless, milk yield in the LD1X group was stable, whereas in the DD1X group it decreased across weeks (week effect, P = 0.002), resulting in a significant interaction between photoperiod and week (P = 0.001; Figure 2 ).
In the late milking phase, mean daily milk yield was greater in LD1X goats than in DD1X goats during the first 2 wk of this phase (Figure 2 ; P ≤ 0.05). Week of the experiment did not affect mean daily milk yield (P = 0.358), although milk yield tended to increase in the DD1X group and tended to decrease in the LD1X group. Thus, as in the early milking phase, there was an interaction between photoperiod and week in the late milking phase (P = 0.0001). The calculated difference in total milk yield per goat during all milking phases (from wk 5 to 20) was 62 ± 5 kg more milk in the LD1X group than in the DD1X group.
Milk Composition. During the 3 phases of this experiment, week affected mean percentage of fat, protein, and lactose contents in milk (P = 0.0001). Thus, in the 2 groups all milk components tended to decrease until onset of the early milking phase; thereafter, these contents had slight changes. However, photoperiod had no effect and there was no significant interaction between photoperiod and week for percentage of fat, protein, or lactose (P ≥ 0.444 for all components; Figure 3 ). BW and BCS. In the 3 phases of this experiment, week affected mean goat BW and mean BCS of the goats, both variables increasing between the beginning and end of the study (P = 0.001). On the other hand, photoperiod had no effect (P = 0.345), and no interactions between photoperiod and week were found for these variables (Table 1 ; P = 0.445).
Exp. II
Milk Yield. During the suckling phase, the mean daily milk yield did not differ (P = 0.767) between Figure 2 . Mean (±SEM) daily milk yield of goats manually milked once daily and exposed to a naturally decreasing photoperiod (DD1X; •) or exposed to an artificial long-day photoperiod (LD1X; ○) starting on d 10 of lactation and up to d 140 of lactation. Mean daily milk yield during early milking phase was greater (P = 0.002) in LD1X than in DD1X does. Significant differences between treatments (photoperiod) at each time point are indicated by an asterisk (*P < 0.05 and **P < 0.01).
goats from DD2X and LD2X, and no interaction between photoperiod and week was found (P = 0.143). On the other hand, mean daily milk yield increased in both groups over time (week effect, P = 0.002). During the early milking phase, there was a main effect of photoperiod (P = 0.022; Figure 4 ). In addition, daily milk yield increased in the LD2X group, whereas it remained stable in the DD2X group, resulting in an effect of week (P = 0.001). Nonetheless, there was no interaction between the factors (P = 0.631). During the late milking phase, there was no effect of photoperiod on milk yield (P = 0.946), whereas there was an effect of week of the experiment (P = 0.0001). Milk yield decreased in the LD2X group, whereas it tended to remain stable in the DD2X group, resulting in an interaction between week and photoperiod (P = 0.001). As in Exp. I, the calculated difference in total milk yield per goat during all milking phases (from wk 5 to 20) was 89 ± 7 kg more milk in the LD2X group than in the DD2X group.
Milk Composition. As in Exp. I, milk contents of fat, protein, and lactose were not affected (P ≥ 0.586) by photoperiod, whereas week affected the mean percentage of fat, protein, and lactose content (P = 0.0001) during the 3 phases of Exp. II. Thus, in the 2 groups, all milk components tended to decrease until the onset of early milking phase; thereafter, these contents underwent slight changes. However, no interactions between week and photoperiod were found for percentages of fat, protein, or lactose (P ≥ 0.441; Figure 5 ). BW and BCS. As in Exp. I, photoperiod had no effect (P = 0.335) on mean goat BW and mean BCS. Both variables increased with time (week effect, P = 0.001). Finally, no interaction was found between week and photoperiod for any of these 2 variables (Table 1 ; P = 0.526).
DISCUSSION
In the 2 experiments of the present study, goats exposed to an artificial long-day photoperiod produced more milk than goats exposed to the natural decreasing Figure 3 . Mean (±SEM) percentages of fat, protein, and lactose in milk of goats manually milked once daily and maintained under a naturally decreasing photoperiod (DD1X; •) or exposed to an artificial long-day photoperiod (LD1X; ○) starting on d 10 of lactation and up to d 140 of lactation. There were no differences (P = 0.444) in milk composition between treatments (photoperiod); only milk components were affected by week (P = 0.0001 for each component). Table 1 . Mean (±SEM) of doe BW and BCS in 4 groups of goats manually milked once (1X) or twice (2X) daily and exposed to naturally decreasing photoperiod (DD) or to artificial long-day photoperiod (LD) Flores et al.
days of late autumn and winter. This finding shows for the first time that the stimulatory effect of a long-day photoperiod on milk yield can be obtained in goats, even very close to the tropics and if does are milked only once daily. As a whole, our results are in agreement with those of the literature but also extend their validity to latitudes closer to the tropics and to management conditions different from those reported previously in goats and other species (Dahl et al., 2000; Garcia-Hernandez et al., 2007; Morrissey et al., 2008) . Although our results are congruent with the literature mentioned above, they differ from those reported in ewes by Bocquier (1985) . Indeed, this author found that, at d 70 of lactation, milk yield decreased in ewes subjected to a long-day photoperiod compared with control ewes maintained under natural short days. Nonetheless, this apparent discrepancy is likely to depend on the fact that the light treatment did not begin at the same time in the 2 studies. In the study of Bocquier (1985) , exposure to the long-day photoperiod started 42 d before lambing, whereas in our work exposure started only on d 10 of lactation. In fact, in both studies the decrease in milk yield occurred after a similar duration of exposure to long days, 105 d in our study and 112 d in that of Bocquier (1985) . This interpretation is also congruent with the interaction found between photoperiod and week of lactation in our study during the milking phases. The results of both studies are consistent with the possible induction of a refractory state on prolactin secretion due to the continuous long-day exposure (Maeda et al., 1988) .
In our study, the exposure to long-day photoperiod did not affect milk concentrations of fat, protein, or lactose, which is consistent with the results of Salama et al. (2003) . On the other hand, our results differ from some reports in other ruminants. For example, in cows, Stanisiewski et al. (1985) found a slight reduction in the percentage of milk fat during exposure to long days, and in ewes, Bocquier et al. (1990) found that protein content of milk was reduced under long days compared with short days, whereas lipid percentage remained unchanged. Similarly, Delouis and Mirman (1984) found that fat and N contents of milk were decreased in goats exposed to a long-day photoperiod, whereas GarciaHernandez et al. (2007) reported a decrease only for fat content. Nonetheless, others found that milk composition is unaffected by photoperiod (Dahl et al., 1997 (Dahl et al., , 2000 Morrissey et al., 2008) . In any case, our present results under subtropical latitude suggest that artificial photoperiod of long days affected milk content.
Finally, our results on goats milked twice daily agree with the well-documented fact that increasing milking frequency increases milk production. This has previ- Figure 4 . Mean (±SEM) daily milk yield of goats manually milked twice daily and exposed to a naturally decreasing photoperiod (■; DD2X group) or exposed to an artificial long-day photoperiod (□; LD2X group) starting on d 10 and up to d 140 of lactation. Mean daily milk yield during early milking phase was greater (P = 0.022) in LD2X than in DD2X does. Significant differences between treatments (photoperiod) at each time point are indicated by an asterisk (*P < 0.05 and **P < 0.01).
Figure 5. Mean (±SEM) percentages of fat, protein, and lactose of goats manually milked twice daily and maintained under a naturally decreasing photoperiod (DD2X; ■) or exposed to an artificial long-day photoperiod (LD2X; □) starting on d 10 of lactation and up to d 140 of lactation. There were no differences (P = 0.441) in milk composition between treatments (photoperiod); only milk components were affected by week (P = 0.0001 for each component).
Long-day photoperiod increases milk yield ously been reported in goats, cows, and sheep (Negrão et al., 2001; Stelwagen, 2001; Salama et al., 2003) . Our results are not surprising in this respect. However, from a practical viewpoint, the gain of milk yield in goats milked twice daily was at least as large as that in goats milked only once daily. This indicates that goats milked twice daily kept all their capacity to respond to light stimulation, despite the fact that their milk yield was closer to their full milk potential because of the increased milking frequency. Therefore, our results emphasize the practical interest for goat farmers close to the tropics to use exposure to a long-day photoperiod as a practical and nonhormonal tool to increase milk yield of goats under these latitudes, regardless of whether animals are milked once or twice daily. The fact that more than 80% of goats live under subtropical or tropical latitudes makes this finding even more relevant.
